Increasing numbers of women are delivering their first child at a later age. First pregnancy at a later age is, per se, a high-risk pregnancy. Pregnancy after 35 years is traditionally considered a late maternal age. The risks of obstetric complications including fetal and maternal complications are increased. Defective placenta syndrome, including hypertensive disorders, preterm birth, and intrauterine growth retardation, shares similar pathophysiologic mechanisms with endothelial dysfunction, although their clinical presentations differ. Recent medical advances have improved the medical performance of pregnancy-related cardiovascular disease (CVD). Recent evidence has shown that women with underlying defective placental syndrome or other pregnancy-related complications have an increased risk of unfavorable cardiovascular outcomes in later life. An increasing number of women delivering their first child at a later age have epidemiological characteristics that differ from those reported previously and for which data are limited data regarding the cardiovascular prognosis. Therefore, increased attention to public health and CVD prevention is required for women with complicated pregnancies.
INTRODUCTION
Women in modern society tend to become pregnant at a later age, with women aged ≥35 years accounting for up to 20% of total live births in Canada and England and 9% of first births in the United States in the 2010s. 1) Women aged above their mid-30s have decreased fertility rates and increased fetal chromosomal anomalies, miscarriage, and pregnancy complications. 2) Pregnancy after 35 years has traditionally been considered a late maternal age. 3) Pregnancy at a late age is a significant health concern because advanced maternal age is associated with increased maternal and perinatal morbidity and mortality. 4)5) Pregnancyrelated complications have recently been associated with unfavorable cardiovascular outcomes in later life and women who experience complicated pregnancies are at high risk of future cardiovascular diseases (CVDs). 6) This study reviewed cardiovascular issues related to pregnancy at later ages.
SUBOPTIMAL CARDIOVASCULAR ADAPTATION DURING PREGNANCY AND ADVERSE PREGNANCY EVENTS
Pregnancy causes dramatic cardiovascular and hemodynamic changes to ensure adequate blood flow to the placenta. Blood volume and cardiac output increase nearly 50% above baseline levels and peripheral vascular resistance decreases significantly by the end of the second trimester. 7) Significant structural alterations of the left ventricle and aorta are also observed. Both left ventricular size and mass and aortic compliance increase rapidly during a short period of time to accommodate the increased circulating blood volume. 8) Pregnancyrelated hormones including estrogen, progesterone, and relaxin lead to placentation and subsequent cardiovascular adaptation. Trophoblasts invade the uterine wall and uterine spiral arteries are widened, less twisted, and less resistant. These cardiovascular system changes associated with a normal pregnancy may not be well tolerated by older women or those with hypertension or subclinical CVD. Suboptimal cardiovascular adaptation leads to a variety of adverse pregnancy events including preeclampsia, intrauterine growth restriction (IUGR), pre-term birth, stillbirth, and peripartum cardiomyopathy ( Table 1 ).
DEFECTIVE PLACENTA SYNDROME AND THE ROLES OF ADVERSE PREGNANCY EVENTS
The pathophysiology of adverse pregnancy events is not well-known; however, defective placental formation is presumed to be the key abnormality. A well-functioning placenta is critical for adequate pregnancy outcomes as the placenta supports fetal growth. Placental insufficiency leads to adverse pregnancy outcomes including IUGR, stillbirth, and preeclampsia. The concept of "defective placenta syndrome" includes a series of complications and a wide spectrum of placental morphological or functional abnormalities and a variety of adverse pregnancy events.
Women with later-age pregnancy are vulnerable to suboptimal placental structure and function. A population-based study observed increased placental weight according to maternal age. 9) A larger placenta in older women appeared to indicate insufficient placental function, including both perfusion and endocrine function. The volume of the uteroplacental spiral vasculature was low 10) and sclerotic changes of the uterine artery and placental infarction were frequently observed in women ≥35 years of age compared to those in women aged <25 years. 11) High impedance of the uterine artery as measured by Doppler technique at 23 weeks gestational age was associated with pre-eclampsia or IUGR. 12 women, reporting that the uterine artery impedance, indicated by pulsatility index, was higher in women with >35 years of age than that in women less than 35 years of age. 13) Studies have identified blood biomarkers for defective placenta syndrome. Placental growth factor (PlGF) is present in trophoblasts and represents proangiogenic activity. Low blood levels of PlGF were associated with pre-eclampsia. 14) Soluble fms-like tyrosine kinase-1 (sFlt-1) antagonizes angiogenic activity and high levels were also associated with pre-eclampsia. 14) In a recent prospective study performed in Ghana, pregnancy at age ≥35 years was associated with a higher rate of adverse pregnancy events and lower PlGF:sFlt-1 ratio. 15) Regarding the pathophysiology of preeclampsia, a prototype of adverse pregnancy events, Roberts and Hubel 16) proposed a 2-stage model including a poorly-perfused defective placenta (stage 1) and the systemic alteration of maternal cardiovascular system and subsequent clinical manifestations of adverse pregnancy events (stage 2). Endothelial dysfunction is presumed to play a major role in both stages. 17) Failure to reduce systemic vascular resistance directly results in pre-eclampsia, placental and maternal major organ ischemia, fetal ischemia, fetal growth restriction, and poor pregnancy outcome. Endothelial dysfunction, increased inflammatory mediators, oxidative stress, and hypercoagulability result in damage to the systemic vasculature, which subsequently makes it more difficult to reduce cardiovascular resistance and worsens maladaptation to pregnancy. In its acute severe form, microvascular damage and perfusion disturbances are evident in the kidneys, liver, and central nervous system of the mother, in addition to fetal distress.
ASSOCIATION OF ADVERSE PREGNANCY EVENTS AND LATER-LIFE CVDS
Endothelial dysfunction and vascular maladaptation during pregnancy are common phenomena in adverse pregnancy events. Peripartum cardiomyopathy also shares a similar pathophysiologic mechanism. 18) Furthermore, these vasculopathies make affected women more vulnerable to future hypertension and a variety of CVDs.
The manifestations of CVD in later life include hypertension, ischemic heart diseases, stroke, and heart failure. A cohort study of 2,396 women with gestational hypertensive disorders during their first singleton pregnancy observed a significant association between hypertension and stroke in later life. 19) A retrospective cohort study in Canada analyzed 710,501 singleton live births. Women with preterm birth or small for gestational age infants had a higher rate of cardiovascular events (adjusted hazard ratio [HR], 1.66; 95% confidence interval [CI], 1.09-2.52) after delivery than control subjects. 20) This result was consistent with those of previous reports using the same study population of 75,380 women with defective placenta syndrome. 21) A retrospective cohort study in Scotland including 129,920 singleton first pregnancies showed that pregnancy complications were associated with the maternal risk of ischemic heart disease in later life. 6) The respective risks of lower birthweight for gestational age (adjusted HR, 1.9; 95% CI, 1.5-2.4), preterm delivery (HR, 1.8; 95% CI, 1.3-2.5), and pre-eclampsia (HR, 2.0; 95% CI, 1.5-2.5) were all significant. Moreover, the risks were additive; women with all 3 findings had a 7-fold increased risk (95% CI, 3.3-14.5) of later ischemic heart disease compared to the reference group.
It remains unknown whether defective placenta syndrome during pregnancy causes later CVD or whether subclinical CVD is unmasked in the form of defective placenta syndrome during pregnancy. However, late pregnancy is a risk factor for both defective placenta syndrome and later CVD. Cardiovascular, antiangiogenic, and inflammatory changes might fail to completely resolve and persist after birth in women with defective placenta syndrome. In such cases, repeated pregnancies with defective placenta syndrome as a form of subclinical CVD are likely to result in cumulative cardiovascular damage. A dose-response relationship between defective placenta syndrome and later CVD has been reported. Compared to women without preeclampsia, women with current pre-eclampsia had an increased risk of future CVD (95% CI, 3.57-4.17) and a significantly shorter time to first cardiovascular event (10.5 years for recurrent and 12.7 years for no pre-eclampsia). 22) A dose-response relationship in defective placenta syndrome may provide a plausible explanation for why traditional risk factors for adverse pregnancy outcomes include both nulliparity and multiparity. Defective placenta syndrome in a nulliparous woman may be attributed to an individual's limited cardiovascular reserve. However, a multiparous woman with defective placenta syndrome may reach a threshold of overt clinical disease resulting from repeated and accumulated subclinical CVD.
LATER CVD IN WOMEN WITH ADVERSE PREGNANCY OUTCOMES OTHER THAN CVD
Defective placenta syndrome is an established hypothesis explaining adverse pregnancy outcomes. It is primarily related to CVDs including pregnancy-related hypertension and heart failure. However, pregnancy loss can result from a variety of causes besides CVD.
Other adverse pregnancy outcomes include miscarriage and stillbirth. Although they are less well known than CVD, they are also likely to be related to future CVD.
The national cohort of Denmark followed-up 1,243,957 women with ≥1 pregnancy for a median of 21.6 years. 23) Among them, 261,279 women experienced pregnancy loss and 2,188 were diagnosed with dementia. Stillbirths were associated with an 86% increased risk of dementia (HR, 1.86; 95% CI, 1.28-2.71). Miscarriage was not associated with later Alzheimer's disease; however, recurrent (≥2) miscarriages were most strongly associated with early-onset vascular dementia (HR, 2.44; 95% CI, 1.11-5.37). Pregnancy loss and vascular diseases such as dementia suggest associations between pregnancy complications involving vascular pathology and dementia, particularly vascular dementia. Dose-response relationships have also been reported. 23) The limitations of studies on adverse pregnancy outcomes are evident. The mechanisms and causes of adverse pregnancy outcomes are diverse and it is difficult to determine whether the final cause of pregnancy loss was related to CVD.
FUTURE CARDIOVASCULAR HEALTH ASSOCIATED WITH PREGNANCY AT AN ADVANCED AGE
Current knowledge indicates that pregnancy at a late age is unfavorable for most women, with a high risk of obstetric complications and an increased risk of CVD, including significant hypertensive disorders and severe heart failure. Furthermore, women who experience CVD during pregnancy are more likely to develop premature CVD in later life. However, pregnancy-related studies have many limitations. For example, many of the results are obtained from old data. Study design and data acquisition are difficult due to the long duration between pregnancy and CVD events. Furthermore, the diagnosed causes of adverse pregnancy outcomes during pregnancy are often inaccurate.
What about women who have safely delivered their first child at a later age? An increasing number of women deliver for the first time in their late 30s and 40s. Women now commonly delay pregnancy due to social activities and professional careers. Many older pregnant women have high levels of education, economics, healthiness, and medical access. Despite their late ages women who safely deliver their first child, which indicates sufficient cardiovascular reserve, are likely to have good cardiovascular health. Such women may have an unexpectedly low CVD vulnerability. Thus, conventional study findings in women with pregnancy-related complications cannot explain these observations in this new group of older pregnant women. However, data on this topic are scarce.
CONCLUSION
Childbirth at a late age is an important risk factor for pregnancy-related complications including defective placenta syndrome. Women with a history of pregnancy-related complications are at high risk for future CVD in later life. Women who have safely delivered for the first time, even at a late age, may not be a high-risk group for premature CVD; however, little data are available.
The rapidly increasing number of women delaying their first birth requires attention to public health and CVD prevention in this population. To prevent premature CVD, lifestyle therapy should be emphasized among women expecting to become pregnant at an older age. Routine pregnancy history should be included in the evaluation of women's cardiovascular health. Early systematic and continuous cardiovascular risk assessment and management are necessary for women giving birth at a later age.
